The present study was conducted aiming at establishing chemical quality parameters to assess ice stored mullet (0˚C ± 1˚C) through the evaluation of nucleotide (adenosine monophosphate The microbial load of 7 log CFU•g −1 established as maximum acceptable limit was attained after the 20th day of ice storage. IMP concentration declined during the storage period to levels below the detection limit. HxR content increased only up to time T3 and then declined. Hx level increased during all the storage period. CA and HI content increase was not observed, on the other hand, PU and TI contents significantly increased (p < 0.05) at time T5. We concluded that IMP and Hx concentrations can be adequate parameters to assess mullet quality under the study conditions. HxR proved to be adequate to evaluate the freshness of mullet in the first days of storage while the amines, PU and TI, can be used to assess loss of quality. Mullet obtained in conditions similar to those of the present study and maintained at 0˚C ± 1˚C can be consumed up to the 20 th storage day.
Introduction
Fish per capita consumption has increased worldwide during the past five decades [1] due to its nutritional quality with desirable content of proteins of high biological value, quick digestibility and content of essential amino acids and poly-unsaturated fatty acids, especially the omega-3 [1] - [3] . However, due to its chemical composition, high water activity, presence of easily oxidized unsaturated fats and pH close to neutrality, this food is highly susceptible to spoilage [2] [4] [5] which justifies the development of species-specific researches to assess the quality of each food matrix.
Fish spoilage process begins with the action of endogenous enzymes from the muscle tissue or enzymatic activity of the viscera. The catabolites formed during this autolytic process, favor bacterial growth [5] , with consequent formation of compounds with undesirable flavors and odors [6] [7] , frequently used to assess fish quality.
The products originated from nucleotide degradation have been used as quality indicators [8] - [13] , because they allow detecting the initial alterations that occur immediately after fish capture. Adenosine triphosphate (ATP) is converted, by dephosphorilation in adenosine diphosphate (ADP) and adenosine monophosphate (AMP), deaminated to inosine monophosphate (IMP) which gives inosine (HxR) and hypoxanthine (Hx) as degradation products [2] [11] . Most of these reactions occur by the action of endogenous enzymes present in the muscle, however, the degradation of IMP to HxR and Hx occurs by the action of both, autolytic and microbial enzymes [2] [5] . Similarly, the characterization and the concentration of biogenic amines have been used as quality parameters [14] - [17] , because these products are present in low levels and its formation is associated with the activity of deterioration bacteria [14] [18] through decarboxylation of precursor amino acids [18] [19] .
In this context, due to the need of establishing reliable parameters for quality assessment and acknowledging the importance of mullet (Mugil platanus) as an alternative fish resource to substitute the traditional resources the capture and yield of which are declining in Brazil, especially in the Rio de Janeiro State [20] , the objective of the present study was to establish chemical parameters to assess the quality of mullet stored on ice (0˚C ± 1˚C) based on nucleotide degradation and concentration of biogenic amines.
Materials and Methods

Samples
A total of 25 mullet specimens with weight ranging from 389.3 to 660.7 grams were acquired, immediately after capture, directly from fishing boats in the Municipality of Maricá (RJ) (22˚57'36.1"S, 42˚41'48.5"W) from May to August, 2012. The mean ambient water temperature was 23˚C ± 1˚C. The capture was performed with the aid of nets in hygienic conditions and avoiding fish stress. The specimens were sacrificed by hypothermia in cold water and ice. Then, the fish were transported to the analysis' laboratory in expanded polystyrene isothermal boxes with ice within two hours from the moment of the harvest. There, they were individually washed in tap water and packed in plastic containers with ice (0˚C ± 1˚C) with a fish/ice ratio of 1:2. The fish were maintained in these conditions for 24 days, period in which the analyses were performed.
Bacteriological Analyses
A 25g aliquot sample was collected on alternate days, under sterile conditions and homogenized with 225 mL of 0.1% Saline Peptone Water (SPW) in a Stomacher (SEWARD-Stomacher 80) type homogenizer to prepare a 10-1 solution. Other dilutions were obtained from this one as the results were obtained. The Aerobic Heterotrophic Mesophilic Bacteria Count (AMHBC) and Psychrotrophic Heterotrophic Bacteria Count (APHBC) were carried out by the methodology described by the American Public Health Association [21] based on the inoculation of 1 mL of the dilutions in plates with Standard Count Agar (SCA). The incubation was carried out in an oven at 35˚C -37˚C for 48 hours for AMHBC and in a refrigerator with temperature controlled at 4˚C ± 1˚C for seven days for APHBC.
Determination of Nucleotide Degradation Products
Nucleotide extraction was performed according to the methodology used by Andrade et al. [22] . A 50 mg aliquot was daily collected and homogenized with 1 mL of 8% perchloric acid (HClO 4 ), added of 200 µL 6 M po-tassium hydroxide (KOH) and, after mechanical stirring, centrifuged at 6339 g for 3 minutes. The supernatant was used for compound determination by reverse phase high performance liquid chromatography, according to methodology used by Özogul et al. [23] 
Quantification of Biogenic Amines Derivatized with 6-Aminoquinolyl-N-Hydroxysuccinimidyl Carbamate (AQC)
Biogenic amine extraction was conducted according to AOAC methodology [27] with some modifications described below. A 1 g aliquot was daily collected from the sample, homogenized with methanol, placed in a water bath at 60˚C for 15 minutes and then the extract was placed in a 10 mL volumetric flask, adjusting the volume with methanol. The biogenic amines were derivatized with 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC), which is a reagent that forms more stable fluorescent compounds than those commonly used, and quantified by high performance liquid chromatography according methodology proposed by Cohen and Michaud [28] with some modifications. This reagent forms more stable compounds than those commonly used. The Waters 
Statistical Analysis
The parameters of bacterial growth (lag phase and generation time) were determined using the DMfit 2.0 computer program based on predictive microbiology and idealized by Baranyi and Roberts [29] .
The correlation between the quality indices based on nucleotide concentration with storage time was assessed by the determination of Pearson's coefficient (R). Variance analysis (ANOVA) was used to verify the differences of nucleotide and biogenic amine content among storage times. To help result interpretation, the data obtained (from day 0 to day 24) were grouped into five periods of time, according to Rodrigues et al. [17] All the analyses were performed using the GraphPad Prism version 6.00 for Windows (GraphPad Software, San Diego, California, USA), considering a significance of 5%.
Results and Discussion
Bacteria Count
The means of the Aerobic Mesophilic Heterotrophic Bacteria Count (AMHBC) and Aerobic Psychrotrophic Heterotrophic Bacteria Count (APHBC) are represented in Figure 1 . At storage day 0 (the day of mullet capture) the AMHBC mean was 2.2 log CFU•g −1 and APHBC was 1.9 log CFU•g −1
.
The microbial load of 7.0 log CFU•g −1
established by the international commission of microbiologic specifications for food [30] as maximum acceptable level of mesophilic bacteria in fish was attained after the 20 th storage day. These results are different from those obtained with other fish species [22] [31]- [34] , however, the initial microbial load and the storage time of this food matrix can be influenced by the fish species involved, bacterial load and type of bacteria present, which can be related to the contamination of the environment and water temperature where the fish lives, and also to the capture, handling and storing conditions [2] [5] [22] [32] [33] . The data in Table 1 shows that the higher adaptation time needed by the mesophilic bacteria indicates that the refrigeration conditions used in the present study favored the quick adaptation of the psychrotrophic bacteria present in the matrix, as reported in previous studies [22] [35] , as well as the development of this group of bacteria during the storage time as indicated by the smaller generation time of this group of bacteria when compared to mesophilic, which needed 1.6 greater time to multiply than psychrotrophic bacteria. Similar behavior was observed by Ababouch et al. [6] who reported smaller generation time of psychrotrophic bacteria (14.5 hours) than mesophilic bacteria (16.0 hours) in sardine (Sardinapilchardus) samples stored in ice. Zaragozá et al. [34] and Ensani and Jasour [35] also reported greater load of psycrotrophic bacteria compared to mesophilic bacteria inatlantic salmon (Salmosalar) stored at 4˚C and pike-perch (Sander lucioperca) stored on ice and frozen storage, respectively. 
Nucleotide Degradation
The content of AMP, IMP, HxR and Hx over the different mullet storage times at 0˚C ± 1˚C obtained by HPLC is represented in Figure 2 . The technique employed in this study, through the use of a column with smaller particles (2.4 µm) and addition acetonitrile to mobile phase, allowed the resolution of compounds in less time compared to others studies [36] [37] . AMP content significantly increased (p < 0.05) during storage time, from 0.64 ± 0.09 µmol•g −1 in time T1 to 0.88 ± 0.20 µmol•g −1 in time T5. These results differ from those reported by other researchers that observed AMP content decline during storage time of different fish species [10] [38]- [41] . However, nucleotide degradation in fish can follow two different paths: one involving the formation of inosine monophosphate and the other that considers a sequence of dephosphorylations to adenosine. In some species both paths can occur. Other species present prevalence of adenosine formation, with consequent AMP accumulation and absence of IMP [42] . In the present study, IMP was detected only up to time T3, because it showed marked decline during the storage time, from 5.15 ± 1.39 µmol•g −1 at time T1 to undetectable levels from time T4. The sharp fall of IMP content was also observed in previous studies with different fish species [8] ). Hx accumulation reflects the initial phase of autolytic spoilage, as well as bacterial spoilage and thus is an important quality parameter for different fish species, as observed in the present study and reported in previous ones [9] [10] [13] [22] . Some fish species accumulate HxR from IMP while others accumulate Hx. There are also species that accumulate both HxR and Hx, however Hx accumulation occurs slower [45] - [47] . HxR is relatively tasteless while Hx has a direct effect on the bitter flavor of spoiled fish [2] [5] . In the present study, HxR mean concentration was higher than that of Hx up to time T4, however from time T3, when IMP was not detected anymore, as HxR content declined, there was a significant increase of Hx content. Thus, in the same way that IMP and HxR decline, Hx accumulation can also be used as a measure of mullet quality loss.
The values Ki, G and H calculated from AMP, IMP, HxR and Hx concentration in mullet samples stored in ice (0˚C ± 1˚C) are represented in Figure 3 . These values have been proposed as quality index due the differences that species present in relation to mechanisms of degradation of nucleotides [8] [24]- [26] . Ki value presented good correlation (R = 0.88) with storage time, however, marked increase occurred only up to T3 (T1 ~ 28%, T2 ~ 74% and T3 ~ 97%). From T4, IMP was not detected and consequently Ki value was constant (T4 = T5 ~ 100%). Ki value was suggested by Karube et al. [24] to replace K [48] and does not take into consideration the intermediary products of ATP degradation to IMP, because in some species this process occurs very fast impairing the identification of those compounds. G value showed high correlation (R = 0.92) with storage time with a significant increase (p < 0.05) during the initial storage times (T1 ~ 26%, T2 ~ 69% and T3 ~ 90%). From T4 its increase was not significant (p > 0.05), reaching at time T5 ~ 104%. G value, according to Burns et al. [25] is based in Hx accumulation and IMP degradation, however the rapid increase observed in both this value and the Ki value during the three initial storage times is due not only to the progressive Hx increase and the rapid degradation of IMP, but also to HxR content gradual increase, as was also observed by other authors [9] [11] . H was the value that presented the best correlation (R = 0.97) with storage time. As this value is based solely on Hx concentration [11] [26] [49] , a significant increase (p < 0.05) was observed only from time T3, when high Hx levels were also detected. In time T1 H value was approximately 3% reaching about 57% in time T5.
Biogenic Amines
The content of the biogenic amines derivatizated with AQC researched by HPLC in mullet stored on ice (0˚C ± 1˚C) is shown in Figure 4 . The use of the AQC as derivatizing reagent allowed of forming stable compounds, as reported in others studies [28] [50] [51] . Histamine content did not significantly increase with storage time, fact related to amino acid substrate. The variation of biogenic amine content in fish may be a function of feeding, sex, physiological stage, tissue (sample aliquot), among other factors [6] [14] [52] , which explains histamine behavior observed during storage of the samples in the present study. In this manner, although histamine was the amine found in the highest concentration in the samples (7.84 to 13.4 mg•100g −1 ), it is not adequate for quality assessment of mullet kept under those storage conditions. The presence of this biogenic amine is not necessarily related to fish spoilage, as reported in studies of several fish species [9] [10] [15] [53] . Cadaverine was also considered not adequate for mullet quality assessment, because its concentration was constant during the entire storage period (2.08 to 2.19 mg•100g −1 ). However the research theses amines is fish has high importance because the histamine is often associated with allergic poisoning and the cadaverine is able to potentiate the action of histamine and form carcinogenic compounds [18] [19] [54] [55] . Putrescine and tyramine contents were constant until the last storage time (T5), when they increased from 1.01 ± 0.06 mg•100g −1 and 5.89 ± 0.21 mg•100g −1 at time T1, to 3.42 ± 1.74 mg•100g −1 and 8.41 ± 3.44 mg•100g −1 at time T5, respectively. The significant increase of theses amines just in time T5, corresponded to the day when mullet was microbiologically rejected, because it attained the limit of 7 log•CFU•g −1 for mesophilic count in fish under refrigeration [30] , which was the 20 th storage day. Thus, the biogenic amines putrescine and tyramine have high potential for being used as quality parameters in the assessment of mullet stored in ice. The potential of these amines as quality indicators was also observed for other fish species, associated to other biogenic amines or individually [14] - [17] [53].
Conclusion
The nucleotides IMP, HxR and Hx and the biogenic amines PU and TI are potential compounds for use as chemical parameters to assess the quality of mullet stored at 0˚C ± 1˚C. The IMP and Hx showed high correlation with quality loss of mullet, as well as the PU and TI, while HxR proved to be adequate to evaluate mullet freshness during the first days of storage. The results obtained show that mullet can be consumed up to the 20 th storage day, when obtained in similar conditions as in the present study and kept at the same storage conditions (0˚C ± 1˚C).
